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Electrophoretic display panel 



The invention relates to an electrophoretic display panel, for displaying a 
picture corresponding to image information, comprising: 

- an electrophoretic medium comprising charged particles; 

- a plurality of picture elements; 

5 - a first and a second electrode associated with each picture element for receiving a 
potential difference; and 

- drive means, 

the charged particles being able to occupy a position being one of extreme positions near the 
electrodes and intermediate positions in between the electrodes for displaying foe picture, and 
10 foe drive means being arranged for controlling foe potential difference of each picture 
element 

" to be a reset potential difference having a reset value and a reset duration for enabling 
particles to substantially occupy one of foe extreme positions, and subsequently 

- to be a picture potential difference for enabling foe particles to occupy foe position 
15 corresponding to foe image information. 



An embodiment of foe electrophoretic display panel of foe type mentioned in 
foe opening paragraph is described in European Patent application 01200952.8 
20 (PHNL010161). 

In foe described electrophoretic display panel, each picture element has, during 
foe display of foe picture, an appearance determined by foe position of foe particles. The 
position of foe particles depends, however, not only on foe potential difference but also on 
foe history of foe potential difference. As a result of foe application of foe reset potential 
25 difference foe dependency of foe appearance of foe picture element on foe history is reduced, 
because particles substantially occupy one of foe extreme positions. Subsequently, as a 
consequence of foe picture potential difference, foe particles occupy foe position to display 
foe picture corresponding to foe image information. However, foe dependency of foe 
appearance of foe picture element on foe history is still relatively large and foe picture being 
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displayed differs significantly from a picture being an exact representation of the image 
information. Therefore, the picture being displayed has a relatively low picture quality. 

It is a drawback of the described display panel that it is difficult to obtain 
therewith a relatively high picture quality. 



It is an object of me invention to provide a display panel of the kind mentioned 
in the opening paragraph which is able to provide a relatively high picture quality. 

The object is thereby achieved that the drive means are further arranged for 
eontrolling the reset potential difference of each picture element of at least a number of the 
picture elements to have an additional reset duration. 

An explanation might be as follows. For at least a number of the picture 
elements, denoted by subset, me reset potential difference of the display panel according to 
the invention has an additional reset duration. Therefore, for the subset the driving force 
driving particles towards one of the extreme positions is present for a longer interval in the 
display panel according to the invention than in the display panel of the'said patent "'" 
application. As a result, the number of the particles mat are able to occupy one of the extreme 
positions as a consequence of the additional reset potential difference is larger for the display 
panel according to the invention. Therefore, in the display panel according to the invention a 
larger number of the particles will have aposition which is extreme and thereby 
predetermined prior to the application of the picture potential difference, resulting in a 
reduced dependency of the appearance of the picture element on the history. 

It has been observed that particularly additional reset durations larger than one 
tenth of a reference duration largely reduce the dependency of the appearance of the picture 
element on the history. The reference duration of a picture element is equal to a duration to 
ehange the position of particles of the picture element from one of the extreme positions to 
the other one of the extreme positions. Furthermore, additional reset durations larger than 
three times the reference duration hardly reduce the dependency of the appearance of the 
picture element on the history any further compared to an additional reset durations equal to 
three times the reference duration, whereas these relatively large additional durations have a 
negative effect on e.g. the power consumption and the picture update time. Therefore it is 
favorable, if the additional reset duration of each picture element of the subset is larger than 
one tenth of the respective reference duration and smaller than three times the respective 
reference duration. 
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It is also favorable, if each picture element is one of the number of ihe picture 
elements. Then the subset is equal to the plurality of picture elements and for each picture 
element of the display panel the dependency of the appearance on the history is reduced. 

It is also favorable, if for each picture element me respective reset duration and. 
5 the respective additional reset duration have a respective sum being substantially equal to a 
constant Then the reset potential differences can be controlled relatively simply by the drive 
means. 

It is furthermore favorable, if the display panel is able to display an estimate of 
the picture corresponding to the image information as a consequence of the reset potential 

10 differences, as then an observer perceives a relatively smooth transition from a picture 
displayed prior to the application of the reset potential differences via the estimate of the 
picture corresponding to the image information to the picture corresponding to the image 
information. To achieve this, the drive means are further arranged for controlling the reset 
potential difference of each picture element to enable particles to occupy the extreme position 

15 which is closest to the position of the particles which corresponds to the image information. 

If the picture elements are arranged along substantially straight lines, and 
the picture elements have substantially equal first appearances if particles substantially 
occupy one of the extreme positions, and 

the picture elements have substantially equal second appearances if particles substantially 
20 occupy the other one of the extreme positions, and 

the drive means are further arranged for controlling the reset potential differences of 
subsequent picture elements along each line to enable particles to substantially occupy 
unequal extreme positions, the observer perceives a rather smooth transition from the picture 
displayed prior to the application of the reset potential differences via a picture representing 
25 an average of the first and the second appearances as a result of the reset potential differences 
to the picture corresponding to the image information. If e.g. the first appearance is white and 
the second appearance is black, the picture representing an average of ihe first and the second 
appearances represents substantially middle gray. 

It is furthermore favorable, if the picture elements are arranged along 
substantially straight rows and along substantially straight columns being substantially 
perpendicular to the rows in a two-dimensional structure, each row having a predetermined 
first number of picture elements, each column having a predetermined second number of 
picture elements, and 
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the picture elements have substantially equal first appearances if particles substantially 
occupy one of the extreme positions, and 

the picture elements have substantiaUy equal second appearances if particles substantially 
occupy the other one of the extreme positions, and 

the drive means are further arranged for controlling the reset potential differences of 
subsequent picture elements along each row to enable particles to substantially occupy 
unequal extreme positions, and 

the drive means are further arranged for coining 4e resefpotential diflerencesof 
subsequent pictnre elements amg ^ mlmm to ^ ^ mb3tm 

unequal extieme positions. The observer pereeives a rather smooth tiandtion from tire pictore 
dtspfcyedpriorto fhe appocetion of fhe resefpotential differences viaapicmre representing 
an average of fhe firs, and fhe second appearances to the pictore corresponding to the inj, 
mformation. ffe.g. me ft* app,^ is ^ md ^ ^ appearance fc ^ ^ 

pteture repreaentfng an average of the firs, and the second appearances represents 
substantially middle : gray, which is somewhaf smoother compared to tbe previous 
embodiment- ~ " ~ — - - - — - - - - 

» fs furthermore tavorebfe, ff the drive means are further able to control &r 
each pictore element the potential difference fo be a sequence of preset potential differences 
before bemg fhe resetpotentia. difference, me sequence of preset potential differences having 
preset vataes and associated preset dumtions, the preset values in me sequence alternating in 
stgn, each preset potential difference representing a preset energy sufficient to release 
particles present in one of said extreme petitions from meir position bu, insufficient to enable 
saKi particles to reach me other one of me exueme positions. M an advantege, me sequences 
of preset potential differences reduce me dependency of tbe appearances of me piemre 
elements on fhe history of fhe potential difference. Such sequences of preset values are 
described* the non-prepublished European Patent application 02COT017.8<EHNI^0441) 



Hese and other aspects of me display panel of the invention will be timber 
30 elucidated and described with reference to the drawings, in which: 

Figure 1 shows diagmmmaticaUy a front view of an embodiment of the 

display panel; 

Figure 2 shows diagrammatically a cross-sectional view along E-H in Figure 
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Figure 3 A shows diagrammatically the potential difference as a function of 
time for a picture element of the subset for the embodiment; 

Figure 3B shows diagrammatically the potential difference as a function of 
time for a picture element of the subset in a variation of the embodiment; 

Figure 4A shows diagrammatically the potential difference as a function of 
time for a picture element of the subset in another variation of the embodiment; 

Figure 4B shows diagrammatically the potential difference as a function of 
time for another picture element of the subset in the same variation of the embodiment - 
associated with Figure 4A; 

Figure 5 shows the picture representing an average of the first and the second 
appearances as a result of the reset potential differences in another variation of the 
embodiment, and 

Figure 6 shows the picture representing an average of the first and the second 
appearances as a result of the reset potential differences in another variation of the 
embodiment 

Figure 7 shows diagrammatically the potential difference as a function of time 
for a picture element of the subset in another variation of the embodiment 

In all the Figures corresponding parts are referenced to by the same reference 

numerals. 



Figures 1 and 2 show the embodiment of the display panel 1 having a first 
substrate 8, a second opposed substrate 9 and a plurality of picture elements 2. Preferably, 
the picture elements 2 are arranged along substantially straight lines in a two-dimensional 
structure. Other arrangements of the picture elements 2 are alternatively possible, e.g. a 
honeycomb arrangement An electrophoretic medium 5, having charged particles 6, is present 
between the substrates 8,9. A first and a second electrode 3,4 are associated with each picture 
element 2. The electrodes 3,4 are able to receive a potential difference. In Figure 2 the first 
substrate 8 has for each picture element 2 a first electrode 3, and the second substrate 9 has 
for each picture element 2 a second electrode 4. The charged particles 6 are able to occupy 
extreme positions near the electrodes 3,4 and intermediate positions in between the electrodes 
3,4. Each picture element 2 has an appearance determined by the position of the charged 
particles 6 between the electrodes 3,4 for displaying ihe picture. Electrophoretic media 5 are 
known per se from e.g. US 5,961,804, US 6,120,839 and US 6,130,774 and can e.g. be 
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obbuned from E Ink Corporation. As an example, me eledrophoretic medium 5 comprises 
oegarivejy charged black particles 6 m a white fluid When me charged particles 6 are in a 
first extreme position, i.e. near the first electiode 3, as a result of toepotential difference 
being eg. 15 Volts, me appearance of the picture element 2 is e.g. white. Here it is 
I considered mat me pictore demon, 2 is observed from me side of me second substrate 9 
When the chargedparucles Sara ina second extieme position, i.e. neer toe second electiode 
4, as aresult of me potential different being of opposite polarhy, i.c. -15 Vohs the 
appearance of me picture element 2 is black. When me charged particles 6 are in' one of the 
intermediate positions, i.c. in benveen the electiode, 3,4, the pictore element 2 has one of me 
rntermediate appearances, e.g. light grey, middle gray and dark grey, which are gray .evels 
between white and black The drive means 100 are artunged for conti»tag the potential 
drfference of each picture element 2 to be a reset potential difference having a reset value and 
a reset duration for enabling particles 6 to substantially occupy one of me extreme positions 
and subsequently to be a pictore potential difference for enabling the particles 6 to occupy the 
position corresponding to the image reformation Furthermore, the drive means 100 are 
arranged for continuing the reset potential difference of eacnpictore element 2 of the Sta ' 
to have an additional reset duration. 

As an example the appearance of a picture element 2 of the subset is light 
gray, denoted as LG. before application of me reset potential difference. Furthermore the 
prcture appearance corresponding to the image reformation of me picture element 2 is' dark 

shown as a taction of time in Figure 3 . The reset potential difference has e.g. a value of 1 5 
Volts and is present from time .1 to time t2, theportion from time ,1 to time t2* being the 
reset duration and the portion from time 12' to time t2 being the additional reset duration The 
reset duration and Are additional reset duration are eg. 50 ms and 250 ms, respective* As a 
result the picture element 2 has an appeareuce being substantially white, denoted as SW The 
ptcture potential difference is present fan tone fl to time t4 and has a value of e g -15 Vote 
and a duration of e.g. ,50 ms. As a result the picture element 2 has an appearance being dark 
gray, tor displaying the pietare. The interval from time a to time t3 may be absent 

The reference duration for each picture element 2 of the subset is equal to the 
duration to change the position of particles 6 of the respective pictore element 2 from one of 
.he extieme positions to toe other one of me extieme positions. For the pictore element 2 in 
the example the reference duration is e.g. 200 ms. In a variation of the embodiment the 
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additional reset duration of each picture element 2 of the subset is larger than one tenth of the 
respective reference duration and smaller than three times the respective reference duration. 

It is favorable, if the subset is equal to the plurality of picture elemente2. 
Then, for each picture element 2 of the display panel the dependency of the appearance on 
5 the history is reduced. 

In a further variation of the embodiment for each picture element 2 the 
respective reset duration and the respective additional reset duration have a respective sum 
being substantially equal to a constant As an example the potential difference of a picture 
element 2 in this variation is shown as a function of time in Figure 3B. The appearance of the 

10 picture element 2 is dark gray before application of the reset potential difference. 

Furthermore, the picture appearance corresponding to the image information of the picture 
element 2 is tight gray. The reset potential difference has e.g. a value of 15 Volts and is 
present from time tl to time t2. The reset duration and the additional reset duration are e.g. 
150 ms and 150 ms, respectively. As a result the picture element 2 has an appearance being 

15 substantially white. The picture potential difference is present from time t3 to time t4 and has 
e.g. a value of e.g. -15 Volts and a duration of e.g. 50 ms. As a result the picture element 2 
has an appearance being light gray, for displaying the picture. The sum of the reset duration 
and the additional reset duration of the reset potential difference of the picture element 2 
associated with Figure 3A is equal to the sum of the reset duration and foe additional reset 

20 duration of the reset potential difference of the picture element 2 associated with Figure 3B, 
and equal to the constant, in this example being 300 ms. 

In another variation of the embodiment the drive means 100 are further 
arranged for controlling the reset potential difference of each picture element 2 to enable 
particles 6 to occupy the extreme position which is closest to the position of the particles 6 

25 which corresponds to the image information. As an example the appearance of a picture 
element 2 is light gray before application of the reset potential difference. Furthermore, the 
picture appearance corresponding to the image information of the picture element 2 is dark 
gray. For this example, the potential difference of the picture element 2 is shown as a 
function of time in Figure 4A. The reset potential difference has e.g. a value of -15 Volts and 

30 is present from time tl to time t2. The reset duration and the additional reset duration are e.g. 
150 ms and 100 ms, respectively. As a result, the particles 6 occupy the second extreme 
position and the picture element 2 has a substantially black appearance, denoted as SB, which 
is closest to the position of the particles 6 which corresponds to the image information, i.e. 
the picture element 2 having a dark gray appearance. The picture potential difference is 
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present ^mtaneO tofae Maadtas e.g. ava.ue.f e .g. , 5 Votea-daAnaaonof eg. 50 
ma. As a result the picture element 2 has an appear being dark gray, for paying to 
prctare. As another example to appearance of another pictere element 2 is Hgh, gray before 
apphcation of the reset potential difference. Furthermore, the picture appearance 
^responding te me image information of mis picture element 2 is substantially whim For 
tins example, to potential difference of the picmre element 2 is shown as a function of time 
m Frgure 4B. The reset potential difference has e. g . a value of 1 5 Vote and is present from 
time .1 to time r2. The reset duration and the additional reset duration me e.g. 50 ms and 100 
ms, respectively. As a result, to particles 6 occupy to first exposition and to picmre 
element 2 has a substantially white appearance, which is closes, to to position of to 
particles 6 which corresponds to to image information, i.e. to picmre element 2 having a 
substantially white appearance. The picmre potential difference fa pKsem ftoffitmKt3t0 

TiiTr a T* of ° voits *• ° pp °™°° * «* 

disfplaying the picture. 

bFi ^A mepi ^ dmrae2are ™gedalongsubstotianystraight 
bnes 30. The picture elements 2 hive substantially eqtral firs, appeamnces ,e.g. wlto ¥ 
particles 6 substantia^ occupy one of to extieme positions, e.g. to firs, extieme position 
Theprcmre elementa 2 have substantially equal second appearances, e.g. black, if particles 6 
substantially occupy to outer one of to extieme positions, e.g. to second extieme position 
Tte dnve means 100 are further arranged for continuing reset poteetfal differences of ' 
subsequent pteture elementa 2 along on each line 30 re enable particles 6 te substantially 
occupy une^ ^ po^. Fignre 5 ^ ^ ^ _ ^ 

firs, and to secend appearances as a result of to reset potential differences. The picmre 
represents substantially middle gray. 

In Figure 6 to picture elementa 2 are arranged along substantially straight 
rows 3 1 and along substantially stiaigh, columns 32 being substarrtiauy perpendicular to to 
rows ma two-dimensional sirucmre, each row 31 having a predetermined firs, number of 
prcmre elementa 2, e.g. 4 in Figure 6, each column 32 having a predetermined second number 
of prcmre elementa 2, e.g. 3 in Figure 6. The picmre elementa 2 have substantially equal firs, 
apnearances, e.g. white, if particles 6 substantially occupy one of to extieme positions e g 
to firs, extieme position. The picmre elementa 2 have substantially equal second 
appearances, e.g. black, if particles 6 substantially occupy to other one of to extieme 
posmons, e.g. to second extieme position. The drive means 100 are further ammged for 
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controlling the reset potential differences of subsequent picture elements 2 along on each row 
3 1 to enable particles 6 to substantially occupy unequal extreme positions, and 
Ihe drive means 100 are further arranged for controlling the reset potential differences of 
subsequent picture elements 2 along on each column 32 to enable particles 6 to substantially 
5 occupy unequal extreme positions. Figure 6 shows the picture representing an average of the 
first and the second appearances as a result of the reset potential differences. The picture 
represents substantially middle gray, which is somewhat smoother compared to the previous 
embodiment 

In another variation of the embodiment the drive means 100 are further 

10 arranged for controlling the potential difference of each picture element 2 of the number to be 
a sequence of preset potential differences before being the reset potential difference. 
Furthermore, the sequence of preset potential differences has preset values and associated 
preset durations, the preset values in the sequence alternate in sign, each preset potential 
difference represents a preset energy sufficient to release particles 6 present in one of the 

1 5 extreme positions from their position but insufficient to enable said particles 6 to reach the 
other one of the extreme positions. As an example the appearance of a picture element 2 is 
light gray before the application of 1he sequence of preset potential differences. Furthermore, 
the picture appearance corresponding to the image information of the picture element 2 is 
dark gray. For this example, the potential difference of the picture element 2 is shown as a 

20 function of time in Figure 7. In the example, the sequence of preset potential differences has 
4 preset values, subsequently 15 Volts, -15 Volts, 15 Volts and -15 Volts, applied from time - 
tO to time t0\ Each preset value is applied for e.g. 20 ms. The time interval between t0' and 
tl is negligibly small. Subsequently, the reset potential difference has e.g. a value of -15 
Volts and is present from time tl to time t2. The reset duration and Ihe additional reset 

25 duration are e.g. 1 50 ms and 50 ms, respectively. As a result, the particles 6 occupy the 

second extreme position and the picture element 2 has a substantially black appearance. The 
picture potential difference is present from time t3 to time t4 and has e.g. a value of e.g. 15 
Volts and a duration of e.g. 50 ms. As a result the picture element 2 has an appearance being 
dark gray, for displaying the picture. 
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CLAIMS: 



1 • An electrophoretic display panel (1), for displaying a picture corresponding to 

image information, comprising: 

- an electrophoretic medium (5) comprising charged particles (6); 

- a plurality of picture elements (2); 

5 - a first and a second electrode (3,4) associated with each picture element (2) for receiving 
a potential difference; and 

- drive means (100) , 

the charged particles (6) being able to occupy a position being one of extreme positions near 
the electrodes (3,4) and intermediate positions in between the electrodes (3,4) for displaying 
10 the picture, and 

the drive means (100) being arranged for controlling the potential difference of each picture 
element (2) 

- to be a reset potential difference having a reset value and a reset duration for enabling 
particles (6) to substantially occupy one of the extreme positions, and subsequently 

15 - to be a picture potential difference for enabling the particles (6) to occupy the position 
corresponding to the image information, 
characterized in that 

the drive means (100) are further arranged for controlling the reset potential difference of 
each picture element (2) of at least a number of the picture elements (2) to have an additional 
20 reset duration. 

2. A display panel (1) as claimed in claim 1 characterized in that each additional 

reset duration is larger than one tenth of a reference duration and smaller than three times the 
reference duration, the reference duration being equal to a duration to change the position of 
25 particles (6) of the respective picture element (2) from one of the extreme positions to the 
other one of the extreme positions. 



3. A display panel (1) as claimed in claim 1 or 2 characterized in that each 

picture element (2) is one of the number of the picture elements (2). 
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elemen. (2) fte respective rese. duration and tte respective additional rese, duration have a 
respective sum being substantially equal to a constant. 

5. A display panel (1) as chimed in any of me claims 1 to 4 characterized in that 

the dnve means (1 00) am tabor arranged for continuing tire rese, potential dffierence of 
each pretore elemen. (2) «o enable particles (6) to occupy the extreme position which is 
closes, to theposition of tteparticles (6) which correspotois to me image information. 

«• Adisplaypaneiri) as claimed in claim 3 characterized in mat me pictore 

element, (2) are arranged along substantially sttaight lines (30), and 

the picmre elements (2) have substentially equal firs, appearances if particles (6) s^stentially 

occupy one offlie extreme positions, and 
15 tte pictore elements (2) have substentially equal second appearances if parades (6) 

mbsfantiaUywcupyme.AeroMofmeextie^epositions and ~ " ~ " ' 

me drive means (100) are tetter arranged for tolling tte reset potential diflerences of 
subsequen. pictore elemems (2) along each line (30) to enable particles (6) to substantially 
occupy unequal extieme positions. 



20 



25 



30 



7- Aa ^P me Hl)asc.ahnedmclahn3cl«uBcteri Z edtoma.mepic^ 
elemente (2) are arranged along substentially suaigh. mws (31) and along substentially 
stiatgh, c.tomns (32) being substentially pe^dicular to me rows (3 1 ) in a .wc-dimensiona, 
stinctore .each row (3 1) having a predetermined firs, number of pictore element (2), each 
column (32) having apretoermined second number of pictore element (2), and 

occupy one of me extieme positions, and smnnauy 

me pictore elemen* (2) have substentially equal second appearances if particles (6) 

substantially occupy me otter one of fte extieme positions, and 

ttedtivenreans(,00)arefurtte r arren g e4forcontieumgttere^ 

subsequen, pictore element (2) along each row (3 1) to enable particles (6) to substernal* 

occupy unequal extreme positions, and 
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the drive means (100) are further arranged for controlling the reset potential differences of 
subsequent picture elements (2) along each column (32) to enable particles (6) to 
substantially occupy unequal extreme positions. 

5 8 - A display panel (1) as claimed in any of the claims 1 to 7 characterized in that 

the drive means (100) are further arranged for controlling the potential difference of each 
picture element (2) of the number of the picture elements (2) to be a sequence of preset 
potential differences before being the reset potential difference, the sequence of preset 
potential differences having preset values and associated preset durations, the preset values in 
10 the sequence alternating in sign, each preset potential difference representing a preset energy 
sufficient to release particles (6) present in one of said extreme positions from their position 
but insufficient to enable said particles (6) to reach the other one of the extreme positions. 
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ABSTRACT: 



The electrophoretic display panel (1), for displaying a picture corresponding to 
image information, has drive means (100) which are arranged for controlling the potential 
difference of each picture element (2) to be a reset potential difference having a reset value 
and a reset duration for enabling particles (6) to substantially occupy one of the extreme 
5 positions, and subsequently to be a picture potential difference for enabling the particles (6) 
to occupy the position corresponding to the image information. For the display panel (1) to be 
able to provide a relatively high picture quality, the drive means (100) are further arranged 
for controlling the reset potential difference of each picture element (2) of at least a number 
of the picture elements (2) to have an additional reset duration. 

10 



Fig. 2. 
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